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MICROELECTRONIC PACKAGES WITH SOLDER INTERCONNECTIONS 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This is a divisional o£ United States Patent 
Application Serial No. 09/157,047, filed September 18, 1998, 
the disclosure of which is hereby incorporated by reference 
herein. The present application claims benefit of United 
States. Provisional Patent Application 60/059,225, filed 
September 18, 1997, the disclosure of which is hereby 
incorporated by reference herein. 
BACKGROUND OF THE INVENTION 

[0002] Microelectronic elements such as semiconductor chips 
have been connected to circuit panels by soldering. One 
technique which has been utilized heretofore is referred to as 
"flip chip" bonding. In flip chip bonding, the front surface 
of the chip bearing the contact pads of the chip faces 
downwardly, towards the surface of a circuit panel having a 
pattern of pads matching the pattern of the contact pads on 
the chip. The pads on the chip are bonded to the mating pads 
on the substrate. In one variant of this technique, referred 
to as a "controlled collapse chip connection" or "C4" bond, 
individual masses of solder are provided on the contact pads 
of the chip or substrate prior to assembly. In the assembly 
process, these masses are ref lowed by bringing them to an 
elevated temperature sufficient to melt or partially melt the 
solder constituting the masses. The assembly is then cooled, 
leaving each contact pad on the chip connected to the 
corresponding contact pad on the circuit panel by a mass of 
solid solder. As described, for example, in Multi-Chip Module 
Technologies And Alternatives : The Basics, Doane and Franzon, 
Editors (1993), pp. 468-471, surface tension in the molten 
solder tends to form each solder mass into a generally barrel- 
shaped object having narrow neck portions at the junctures 
between the solder masses and the contact pads on the chip and 
circuit panel. 

[0003] The solder bonds in such assemblies typically are 
subjected to thermal fatigue stress during manufacture and 
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during use of the assembly. The electrical power dissipated 
within the chip and other elements of the assembly tends to 
heat the chip and the circuit panel, so that the temperatures 
of the chip and circuit panel rise and fall depending on use 
of the device. Processing operations during manufacturing 
also cause the temperature of the assembly to rise and fall. 
As the chip and substrate ordinarily are formed from different 
materials having different coefficients of thermal expansion, 
the chip and the circuit panel ordinarily expand and contract 
by different amounts . Even where the chip and circuit panel 
are formed from materials having the same coefficients of 
thermal expansion, differential expansion and contraction 
still can occur because the elements of the assembly tend to 
heat and cool at different rates. For example, the 

temperature of the chip typically increases more rapidly than 
the temperature of the circuit panel when power is first 
applied to the chip. Differential expansion and contraction 
causes the contact pads on the chip to move relative to the 
contact pads on the substrate, which in turn tends to strain 
the solder bonds. The barrel-shaped solder bonds resulting 
from conventional C4 bonding techniques are susceptible to 
failure under these conditions. In particular, the narrow 
necks of the solder masses interfaces with the contact pads, 
produce stress concentrations at highly stressed regions of 
the solder bonds . 

[0004] As described in the aforementioned Doane and Franzon 
treatise, attempts have been made to alleviate these problems 
by changing the shapes of the solder masses so as to provide 
elongated solder masses having narrow sections midway between 
the contact pads of the chip and circuit panel. As described, 
for example, in Lakrltz et al., U.S. Patent 4,545,610 and 
Agajrwala, et al . , U.S. Patent 5,130,779, elongated solder 
columns can be formed by using multiple solder masses stacked 
above one another with separate elements to maintain the chip 
and circuit panel at the desired spacing during the reflow 
process. As described in Schmidt, et al . , U.S. Patent 
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5,148,968 and Latta, U.S. Patent 5,385,291, elongated solder 
columns can also be made by pulling the chip and circuit panel 
away from one another while the components are at an elevated 
temperature in the reflow operation. The Latta '2 91 patent 
suggests that the step of moving the elements of the assembly 
be conducted under an elevated pressure applied by increasing 
the atmospheric pressure around the assembly which allegedly 
results in a different wall configuration. 

[0005] Other assemblies incorporating elongated solder columns 
are disclosed in Flip Chip Technology 1994 Update U.S. 
Patents, International Interconnection Intelligence, pp. 4-2 
reporting IBM Technical Disclosure Bulletin, Vol. 36, No. 1, 
p. 174, January 1993; in IBM Technical Disclosure Bulletin, 
Vol. 27, No. 8, January 1985 entitled Solder-Filled 
Elastomeric Spacer; and in U.S. Patents 4,581,680 and 
4, 967, 950 . 

[0006] Chip mounting procedures using elongated solder columns 
heretofore have suffered form considerable drawbacks. These 
procedures require specialized techniques and considerable 
care during mounting of the chip to the circuit panel. 
Moreover, these procedures require handling and testing of 
bare, unpackaged semiconductor chips. It is difficult to test 
such a bare chip prior to attachment of the chip to the 
circuit panel. Moreover, the bare chip is susceptible to 
damage during handling and testing. 

[0007] As shown in the preferred embodiments of commonly 
assigned U.S. Patents 5,148,265; 5,148,266; 5,455,390, 
5,518,964 5,688,716 and 5,798,286 as well as in co-pending, 
commonly assigned U.S. Patent Applications 08/653,016 filed 
May 24, 1996; 08/678,808 filed July 12, 1996, the disclosures 
of which are all incorporated by reference herein, it is 
desirable to provide interconnections between the contacts on 
a chip and external circuitry by providing a further 
dielectric element, commonly referred to as a "interposer" or 
"chip carrier" having terminals. The dielectric element is 
juxtaposed with the chip and the terminals on the dielectric 
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element are connected to the contacts on the chip, desirably 
by flexible leads extending between the interposer and the 
chip. The terminals on the dielectric element may be 
connected to a substrate such as a circuit panel, as by solder 
bonding the terminals to contact pads of the substrate. The 
dielectric element remains movable with respect to the chip so 
as to compensate for thermal expansion and contraction of the 
components. That is, various parts of the chip can move with 
respect to the dielectric element and with respect to the 
terminals on the dielectric element, as the components expand 
and contract. In a particularly preferred arrangement, a 
compliant dielectric layer is incorporated in the dielectric 
element or provided as a separate component so that the 
compliant layer lies between the chip and the terminals. The 
compliant layer may be formed from a material such as a gel, 
elastomer, foam or the like. The compliant layer mechanically 
decouples the dielectric element and terminals from the chip 
and facilitates movement of the dielectric element and 
terminals relative to the chip. The compliant layer may also 
permit movement of the terminals in the Z direction, towards 
the chip, which further facilitates testing and mounting of 
the assembly. Thus, differential thermal expansion and 

contraction of the circuit panel and chip does not cause 
fatigue failures of the solder bonds . In a variant of this 
approach, disclosed in commonly assigned PCT International 
Publication WO 97/40958, the disclosure of which is also 
incorporated by reference herein, the terminals on the 
interposer can be connected to the contacts of the chip by 
masses of a low-melting electrically conductive composition 
which liquefies at the temperatures attained during service. 
The compliant layer retains the liquid in place, so that 
masses of conductive liquid provide deformable connections 
between the chip and interposer. As further disclosed in 
these patents and patent applications, one or more chips may 
be mounted to a common dielectric element or interposer, and 
additional circuit elements may also be to such a dielectric 
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element . The dielectric element may incorporate conductive 
traces which form interconnections between the various chips 
and electronic components of the assembly and which completes 
circuits as required. 

[0008] In these techniques, the assembly of the chip and the 
interposer, with the terminals thereon provides a packaged 
chip which can be handled, tested and assembled readily. The 
most preferred packaged chips can be assembled to a circuit 
board using standard surface mount soldering and other 
standard techniques . The preferred embodiments according to 
the aforementioned commonly assigned patents and patent 
applications disclosing interposers also provide highly 
reliable assemblies. These techniques are being increasingly 
adopted in the electronic industry. However, it would be 
desirable to provide still further techniques and assemblies 
to provide an even greater versatility. 
SUMMARY OF THE INVENTION 

[0009] One aspect of the invention provides methods of making 
solder interconnections . A method in accordance with this 
aspect of the invention includes the step of providing first 
and second elements having confronting surfaces and having 
pads on the confronting surfaces arranged in pairs, each such 
pair including a pad on the first element and a pad on the 
second element as well as solder masses at at least some of 
the pairs, so that each such solder mass is provided in 
contact with both pads of the pair. The method further 
includes the step of moving the elements in a vertical 
direction away from one another while the solder masses are at 
a temperature above the recrystallization temperature of the 
solder constituting the masses. The moving step desirably is 
performed by introducing a fluid under pressure between the 
confronting surfaces to thereby move the elements away from 
one another and stretch the solder masses. The moving step 
can be performed in whole or in part while the solder masses 
are at a temperature above the recrystallization temperature 
but below the solidus temperature of the solder masses; or 
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while the solder masses are in a partially liquid state, at a 
temperature between the solidus and liguidus temperatures of 
the solder masses; or while the solder masses are at a 
temperature above the liquidus temperature. As used in this 
disclosure, the term "solidus temperature" means the highest 
temperature at which the solder, in equilibrium, is entirely- 
solid, whereas the term "liquidus temperature" means the 
lowest temperature at which the solder in equilibrium is 
entirely liquid. 

[0010] In a particularly preferred method according to this 
aspect of the invention, the first element includes a 
dielectric packaging structure having an interior surface 
facing toward the second element and having an exterior 
surface. The pads of the first element are disposed on the 
interior surface. The packaging structure further includes 
terminals exposed at the exterior surface which are 
electrically connected to the pads on the interior surface. 
Desirably, the second element includes one semiconductor chip 
or a plurality of semiconductor chips. Preferred methods 
according to these embodiments of the invention, thus can 
provide packaged microelectronic elements, such as packaged 
semiconductor chips, incorporating the microelectronic element 
and an interposer having terminals connected to the 
microelectronic element by elongated solder columns. Such an 
assembly can be utilized by bonding the terminals of the 
interposer to a circuit panel or other substrate. The 
assembly can be handled and mounted using standard techniques. 
The elongated solder columns provide enhanced resistance to 
stress as compared to standard flip-chip mountings, but 
without the need for special techniques during assembly of the 
chip to the circuit panel. 

[0011] Methods according to this aspect of the invention 
desirably include the step of injecting a liquid material 
around the solder masses and curing the liquid to form 
dielectric encapsulant, desirably a compliant encapsulant, 
surrounding the elongated solder columns. For example, the 
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fluid used to force the elements away from one another may be 
a liquid, uncured encapsulant . Where the second element 
includes a plurality of chips, the method may include the step 
of separating the chips from one another after the step of 
moving the elements away from one another, and desirably after 
cooling the solder masses to below their solidus temperature. 
The dielectric packaging structure or interposer may be 
severed in this separating step. The separating step forms a 
plurality of unit assemblies, each of which includes one or 
more of the chips and a portion of the packaging structure or 
interposer associated with such chip or chips. For example, 
the method may be performed at a wafer level, with a large 
interposer covering the entire wafer. The interposer and the 
wafer may be severed to provide unit assemblies. The first 
element used in the process may include a reinforcing element 
engaged with the first element. This approach is particularly 
useful where the first element is a flexible dielectric 
element such as a packaging structure. For example, the 
packaging structure may be held taut on a frame extending 
around the periphery of the packaging structure. 
Alternatively or additionally, the reinforcing element may 
extend along the exterior of the packaging structure. The 
method desired further includes the steps of at least 
partially removing the reinforcing structure after the moving 
step. The reinforcing structure holds the pads of the 
packaging structure precisely in position and facilitates 
registration of the packaging structure with the pads of the 
microelectronic elements. This is particularly useful where 
the process is performed on a wafer level. 

[0012] A further aspect of the present invention provides 
methods of making solder connections which include the steps 
of providing first and second elements having confronting 
surfaces and having pads on the confronting surfaces arranged 
in pairs, each pair including a pad on one element and a pad 
on the other element, and providing solder masses at at least 
some of the pairs so that each such solder mass is in contact 
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with both pads of the pair. Methods according to this aspect 
of the invention also include the step of moving the elements 
away from one another through a preselected vertical movement 
so as to stretch the solder masses while the solder masses are 
at a temperature above the recrystallizat ion temperature of 
the solder but below its recrystallization temperature. In 
methods according to this aspect of the invention, the solder 
masses incorporate columnar inclusions, which are present when 
the solder masses are stretched. As used in this disclosure, 
the term "columnar inclusion" refers to a separate phase 
within the solder present as elongated droplets or particles. 
For example, the moving step may be performed at least in part 
at a temperature between the solidus and liquidus temperatures 
of the solder masses, and the columnar inclusions may be 
present as solid inclusions within the partially molten solder 
masses during the moving step. Such columnar inclusions will 
be formed, for example, by lead-tin alloy solders containing 
about one percent to about five percent copper by weight. As 
the solder masses are stretched during the moving step, the 
columnar inclusions tend to orient preferentially in the 
direction of movement, and hence orient along the long axis of 
the elongated solder masses resulting from the moving step. 
Columnar inclusions further enhance resistance of the 
elongated solder masses to fatigue failure. 

[0013] A method according to a further aspect of the invention 
includes the step of providing first and second elements with 
pairs of pads as aforesaid, and with solder masses at at least 
some pairs such that each solder mass is in contact with both 
pads of the associated pad. Methods according to this aspect 
of the invention include the further step of moving the 
elements relative to one another, while the solder masses are 
at a temperature above the recrystallization temperature of 
the solder, so that the elements move relative to one another 
in a horizontal direction parallel to the confronting surfaces 
so as to deform the solder masses in the horizontal direction. 
Desirably, the method also includes the step of moving the 
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elements away from one another in a vertical direction, 
transverse to the confronting surfaces while the solder masses 
are at a temperature above the recrystallization temperature. 
Most preferably, the vertical and horizontal movements are 
performed simultaneously. The pads constituting each pair may 
be aligned one above the other prior to the horizontal 
movement and may be offset from one another in the horizontal 
direction after the horizontal movement step. Methods 
according to this aspect of the invention yield assemblies 
incorporating elongated solder masses having directions of 
elongation which are inclined to the confronting surfaces of 
the components. The sloping, elongated solder masses provide 
enhanced flexibility in the assembly. 

[0014] In the most preferred processes according to the 
invention, the foregoing aspects of the invention are combined 
in a single assembly process. 

[0015] Yet another aspect of the invention provides packaged 
microelectronic elements such as semiconductor chips. A 
packaged microelectronic element according to this aspect of 
the invention includes a microelectronic element such as a 
semiconductor chip together with an interposer overlying the 
contact-bearing surface of the chip. The interposer 

desirably is a flexible sheetlike element and includes an 
interior surface facing toward the chip and pads on the 
interior surface. The interposer further includes terminals 
exposed for connection to external components. The terminals 
may be exposed at an exterior surface of the interposer, 
facing away from the chip. The terminals are electrically 
connected to the pads over the interposer. The pads of the 
interposer in turn are electrically connected to the pads of 
the microelectronic element to a semiconductor chip by 
elongated solder masses extending between the pads of the 
interposer and the pads of the micro electronic element chip. 
Most desirably, the assembly includes a compliant dielectric 
layer such as a gel, foam or elastomer surrounding the 
elongated solder masses. Such an assembly can be handled and 
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the amount of using standard surface mounting techniques, as 
by solder bonding the terminals of the interposer to a circuit 
panel or other substrate. After assembly, flexure of the 
elongated solder masses provides compensation for differential 
thermal expansion, and relieves stress on the bonds between 
the terminals and the circuit panel. 

[0016] Yet another aspect of the invention provides a soldered 
assembly, such as a packaged microelectronic element or other 
assembly which includes first and second elements with pairs 
of pads thereon and which includes solder masses, each such 
solder mass extending between the pads of one such pair. The 
solder masses incorporate columnar inclusions. Most 
preferably, the columnar inclusions in at least some of the 
solder masses are oriented preferentially in the direction 
between the pads of the associated pair. That is, the 
lengthwise direction of the columnar inclusions is 
preferentially oriented in alignment with the direction 
between the pads. Yet a further aspect of the invention 
provides solder assemblies with elongated solder masses 
extending between pairs of pads on opposing surfaces of two 
elements . The pads of each pair are spaced apart from one 
another in a vertical direction normal to the confronting 
surfaces of the element and are offset from one another in a 
horizontal direction parallel to the confronting surfaces so 
that the elongated solder masses extend oblique to the 
vertical and horizontal directions, and oblique to the 
surfaces of the opposing elements. Most desirably, the 
elongated solder masses extend generally parallel to one 
another. The oblique orientation of the elongated solder 
masses provides enhanced flexibility and fatigue resistance. 
Here again, the various aspects of the invention can be 
combined with one another to form an assembly, such as a 
packaged chip, which includes all of the features discussed 
above with reference to the assembly. 

[0017] These and other objects, features and advantages of the 
present invention will be more readily apparent from the 
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detailed description of the preferred enibodiments set forth 
below, taken in conjunction with the accompanying drawings. 
[0018] BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Figure 1 is a diagrammatic sectional view depicting 
components during a stage of a process in accordance with one 
embodiment of the invention. 

[0020] Figures 2, 3 and 4 are views similar to Figure 1, but 
depicting the components during progressively later stages of 
the process. 

[0021] Figure 5 is a diagrammatic sectional view of the 
packaged semiconductor chip resulting from the process of 
Figs. 1-4. 

[0022] Figure 6 is a diagrammatic view of the package 
semiconductor chip of Fig. 5 mounted to a circuit board. 

[0023] Figures 7, 8 and 9 are views similar to Figs. 1-4 but 
depicting components during successive stages of a process in 
accordance with a further embodiment of the invention. 

[0024] Figure 10 is a fragmentary, diagrammatic sectional 
view on an enlarged scale depicting portions of the packaged 
semiconductor chip resulting from the process of Figs. 7-9. 

[0025] Figures 11 and 12 are fragmentary, diagrammatic 
sectional views depicting portions of components during 
successive stages of process in accordance with yet another 
embodiment of the invention. 

[0026] Figures 13 and 14 are fragmentary, diagrammatic 
sectional views depicting portions of components during 
successive stages of process in accordance with a further 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0027] A process in accordance with one embodiment of the 
invention utilizes a flexible dielectric sheet 20 having 
oppositely facing inner surface 22 and outer surface 24. 
Sheet 20 may be formed from the polymeric materials such as a 
polyimide. The thickness of sheet 20 is greatly exaggerated in 
Fig. 1 for clarity of illustration. Typically, sheet 20 is 
about 25-10 0 \im thick. Sheet 2 0 has numerous holes extending 
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through it. These holes are provided with metallic via liners 
26. Each via liner defines a pad 28 on the inner surface 22 
of the sheet. Each via liner is also exposed at the outer 
surface 24 of the sheet. Sheet 2 0 is attached to a ring- like 
frame 27 formed from a rigid material. The sheet may be 
stretched on the frame in the manner disclosed in United 
States Patent 5,518,964, the disclosure of which is hereby 
incorporated by reference herein and in the manner discussed 
in co-pending, commonly assigned United States Provisional 
Patent Application No. 60/061,932 filed October 17, 1997, the 
disclosure of which is also incorporated by reference herein. 
As described in such patent and patent application, the use of 
a frame to hold the sheet taut helps to maintain precise 
positioning of the metallic via liners and pads 28 relative to 
one another. The features of sheet 20, such as the holes and 
via-liners can be formed by generally conventional techniques, 
such as by laser ablation of the holes and additive or 
subtractive plating to form the metallic features. Desirably, 
the holes and pads are formed while the sheet is held taut on 
frame 27. 

[0028] The process, according to this embodiment of the 
invention, also utilizes a semiconductor wafer 30 having 
oppositely facing front and rear surfaces 32 and 34 and having 
numerous contact pads 3 6 on the front surface. The wafer 
incorporates a large number of semiconductor chips formed 
integrally with one another. The boundaries between adjacent 
chips are schematically indicated by planes 3 8 in Fig. 1. 
Each of the chips incorporates internal electronic components 

(not shown) which are electrically connected to the overlying 
contact pads 36. The chip also includes a conventional 
passivation layer (not shown) on front surface 32, which 
covers the entire front surface except at contact pads 36. 
Although only a few contact pads 3 6 of the wafer and a 
corresponding few contact pads 2 8 of sheet 2 0 are illustrated 
in Fig. 1, it should be appreciated that the wafer typically 
has thousands, tens of thousands or even hundreds of thousands 
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of contact pads and the sheet has a corresponding number of 
contact pads distributed at spacings corresponding to the 
spacings of the contact pads on the wafer. 

[0029] Solder masses 40 are provided on the contact pads 36 of 
the wafer. These solder masses may be solder balls formed 
from a lead-tin solder, desirably a high lead solder such as 
95% lead 5% tin. The size of the solder balls will depend upon 
the size of the contact pads, the spacing between adjacent 
contact pads, and the desired spacing between the chip and the 
dielectric sheet. For typical applications, the solder balls 
may be between about 50 and about 25 0 jim in diameter. The 
solder balls may be applied using generally conventional 
processes as, for example, by placing a stencil having 
openings corresponding to the contact pads of the wafer over 
the front surface of the wafer and distributing the solder 
balls over the surface of the stencil so that a solder ball is 
deposited onto each contact pad of the wafer. Desirably, a 
flux (not shown) is provided on the contact pads, typically by 
applying the flux selectively, as by stenciling or silk 
screening onto the pads. Typically, the flux is applied 
before the solder balls are placed. The flux may serve to 
physically anchor the solder balls in position on the wafer 
prior to the next processing step. The wafer may also be 
heated so as to partially or completely melt the solder and 
form metallurgical bonds between the solder masses and the 
individual contact pads . The solder does not wet the 
passivation layer or the other materials of the wafer and 
hence, does not flow between contact pads. Flux may be removed 
from the assembly at this stage of the process by washing 
wafer with a suitable solvent. 

[0030] The wafer, with the solder masses 40 thereon and the 
flexible sheet 20 are juxtaposed as depicted in Fig. 1, so 
that the front surface 32 of the wafer with the contact pads 
and solder masses thereon confronts the inner surface 22 of 
sheet 20. The wafer is held on a lower fixture 42. The sheet 
is engaged with an alignment system such as a machine -vision 
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system 44, adapted to register features on the sheet and on 
the wafer and to move frame 27 and sheet 2 0 in horizontal 
directions, parallel to the surfaces of the sheet, so as to 
bring the contact pads 28 into alignment with the contact pads 
3 6 of the wafer. Alternatively, the sheet may be aligned with 
the wafer by mechanical engagement between features of frame 
2 7 such as alignment pins or holes (not shown) and mating 
features on the fixture holding the wafer. While the sheet is 
maintained in alignment with the wafer, the sheet is biased 
downwardly as depicted in Fig. 2, as by applying air or other 
fluid under atmospheric pressure to the exterior surface 24, 
or by engaging a resilient element such as an elastomeric pad 
(not shown) to the exterior surface, so as to urge the contact 
pads 28 into engagement with solder masses 40. The vertical 
deflection of the sheet relative to frame 27 is greatly 
exaggerated in Fig. 2. The extent of such vertical 

deflection, for example, may be slightly larger than the 
differences in the height of the individual solder masses 40, 
which in turn depends on factors such as the diameter 
tolerance of the solder balls. This tolerance typically is 
less than + 2 0 ixm. Alternatively or additionally, frame 2 7 
may be biased downwardly towards lower fixture 42 and wafer 3 0 
by a fixture (not shown) . While the contact pads 28 on sheet 
20 are engaged with the solder balls 40, the solder balls are 
brought to a temperature above their solidus temperature so 
as to melt or partially melt the solder and allow the solder 
to wet the contact pads 28. The assembly may be maintained 
under vacuum and/or under a reducing atmosphere to prevent 
oxides from interfering with the wetting process. Here again 
the solder wets only the individual contact pads and does not 
wet the surfaces of the polymeric sheet. Flux may optionally 
be provided on contact pads 2 8 prior to engagement of the 
sheet with the wafer. Once the solder has wet the contact 
pads of the sheet, each solder mass 40 is engaged with and in 
contact with a pair of pads including one pad 2 8 on the sheet 
and another pad 3 6 on the wafer. 
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[0031] While the solder remains in contact with the pads of 
the sheet and wafer, a fluid, which may be a gas or a liquid, 
is injected under pressure, between the confronting surfaces 
22 and 32 of sheet 20 and wafer 30, as depicted in Fig. 3. 
During this step, flexible seals 48, such as hollow metallic 
o-rings, bellows or the like are engaged between frame 27 and 
lower platen 42. Alternatively, these seals may be engaged 
between the sheet and the wafer, or between the sheet and the 
lower platen or engaged in any other manner which seals off 
the space between the sheet and the wafer from the 
surroundings, but which permits the sheet to move relative to 
the wafer. Also, an upper fixture 50 having a planar lower 
face 52 may be disposed above sheet 2 0 inside the opening of 
frame 27. Upper fixture 50 is held at a fixed position 
relative to lower fixture 42 and thus at a fixed position 
relative to wafer 30 . 

[0032] The fluid is introduced from a conventional pressure 
source 51 such as a pressurized gas cylinder or pump with an 
appropriate regulator. Desirably, the fluid is selected so 
that is in inert with respect to the solder and the materials 
constituting the sheet and wafer at the temperatures used in 
the process . Among the gases which can be employed are the 
noble gases such as helium and argon, nitrogen, as well as 
inert f luorocarbons . Because the fluid pressure between the 
confronting surfaces of the sheet and wafer exceeds the 
surrounding pressure on the outside of the assembly, the 
fluid pressure forces the sheet and wafer vertically away from 
one another. The vertical displacement is controlled by upper 
fixture 50. The upward displacement of the sheet stops when 
the upper surface 24 of the sheet engages the lower surface 52 
of the fixture. During this movement, the solder masses 4 0 
are stretched to form elongated solder columns 40'. The 
extent of such stretching is controlled by the amount of 
movement of the sheet. Typically, each solder mass is 
elongated by a distance about 50% to about 2 00% percent of the 
original diameter of the solder mass, so that the resulting 
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elongated solder column has a length of about 150% to about 
300% of the original diameter of the solder mass. 
[0033] As the upper surface of the sheet is engaged with the 
planar lower surface 52 of fixture 50, the upper surface of 
the sheet is brought to a substantially planar configuration. 
Thus, where via liners or terminals 26 extend onto the top 
surface 24 of the sheet, the terminals may abut the bottom 
surface of fixture 50, so that all of the terminals are 
brought to a planar condition. Where the via- liners are 
recessed beneath the top surface, the polymeric surface itself 
may abut the bottom surface of the fixture. 

[0034] During the movement or solder mass stretching, the 
solder masses are maintained at a temperature above the 
recrystallization temperature of the solder. As used in this 
disclosure, the term "recrystallization temperature" means a 
temperature at which the solder will undergo required plastic 
flow without introducing permanent fatigue or fracture of the 
solder. The recrystallization temperature is an absolute 
temperature at approximately two-thirds of the absolute 
solidus temperature. For conventional 60% lead, 40% tin 
solder, the recrystallization temperature is about 3 00 degrees 
Kelvin. The solder may be at higher temperatures, up to and 
above the liquidus temperature. 

[0035] After the movement and solder stretching operation, a 
flowable liquid encapsulant 56 is injected between sheet 2 0 
and wafer 30, so that the flowable liquid encapsulant 
surrounds the elongated solder columns 40'. The encapsulant 
is then cured to form dielectric materials surrounding and 
protecting the solder columns. Desirably, the dielectric is a 
compliant material such as an elastomer or gel. Other 
dielectric compositions may also be employed. The assembly 
may be maintained at an elevated temperature to accelerate 
curing of the encapsulant . The assembly may be maintained in 
the same fixture used for the solder-stretching operation 
during injection and curing of the encapsulant. 

Alternatively, the assembly may be placed in another fixture 
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for encapsulant injection. The assembly may be maintained in 
a fixture during curing of the encapsulant. Alternatively, 
where the curing operation is conducted at a temperature below 
the solidus temperature of the solder or, preferably, below 
the recrystallization temperature of the solder, the assembly 
may be removed from the injection fixture and cured without 
fixturing. The solid solder columns 40' maintain the sheet in 
position relative to the wafer during the curing step. 
[0036] Ring 27 is removed from sheet 20 before or after curing 
of the encapsulant. As disclosed in the aforementioned 
Provisional Patent Application No. 60/061,932, the ring may be 
removed from the sheet by applying radiation effective to 
degrade the adhesive used to hold the sheet on the ring. 
Where the ring is transparent to such radiation, the radiation 
may be applied through the ring. The sheet, wafer and 
encapsulant layer are then severed along scribe lines 3 8 so as 
to form individual unit assemblies 58 (Fig. 5) . Each such 
unit assembly includes an individual semiconductor chip 30' 
together with a portion 20' of the flexible dielectric sheet 
and a compliant encapsulant layer 56'. Each such unit 
assembly includes terminals 2 6 connected to the contact pads 
36 of chip by solder columns 40' disposed within encapsulant 
layer 56'. The packaged chip may be handled and mounted using 
conventional surface mount techniques. As seen in Fig 6, the 
unit assembly or packaged chip may be mounted to circuit panel 
6 0 using conventional surface mount solder techniques to bond 
the terminals 26 of the assembly on contact pads 62 of the 
circuit panel. Thus, solder masses 64 may be disposed 
between terminals 26 and contact pads 62 and reflowed so as to 
bond terminals 26 with contact pads 62. This reflow operation 
may be conducted at a temperature above or below the solidus 
temperature of the solder in columns 40 ' . If the reflow 
temperature used during the mounting procedure exceeds the 
solidus temperature of the solder in column 40 ' , the 
encapsulant 56' will retain the solder columns in place. 
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[0037] In use of the completed circuit, differential thermal 
expansion of chip 30' relative to circuit panel 60 is taken 
up, in part, by flexure of solder columns 40'. Because the 
solder columns are elongated, they are more flexible than 
solder masses 64 at the interface between terminals 26 and the 
compact pads of the circuit panel. Therefore, the majority of 
the strain created by differential expansion and contraction 
of the components will be taken up by flexure of the solder 
columns 40'. The compliant encapsulant 56' mechanically 

decouples the dielectric element or interposer 20' from the 
chip 30' and facilitates flexure of the solder columns. 
[0038] The process depicted in Figs. 7-9 is generally similar 
to the process discussed above with reference to Figs. 1-6. 
However, in the process of Figs. 7-9, the dielectric sheet 120 
is provided with a solid reinforcing element 127 which covers 
the exposed surface of the sheet, and which is electrically 
continuous with metallic via liners 126. Here again, the via 
liners extend through the sheet and then form contact pads 12 8 
on the interior surface 120 of the sheet. Sheet 120 may be 
formed in place on reinforcing element 127. Reinforcing 
element 12 7 may be formed from a metal such as copper. 
[0039] Here again, solder masses 140 are provided on the 
contact pads 136 of wafer 130. The sheet is juxtaposed with 
wafer 13 0 so that the interior surface 12 0 of the sheet faces 
towards the contact bearing front surface 132 of the 
wafer 13 0, and the contact pads 12 8 on the interior surface of 
the electric sheet are brought into alignment with the 
corresponding contact pads 13 6 of the wafer. The sheet is 
engaged with the wafer so as to engage each contact pad 12 8 
with the solder mass on the associated contact pad 136 of the 
wafer. In this condition, as depicted in Fig. 8, the pairs of 
contact pads 12 8 and 136 are substantially aligned with one 
another, and both contact pads of each pair in engagement with 
the solder mass 14 0 disposed between the pads as before. 
Reinforcing element 12 7 is engaged with a top fixture 150, 
whereas wafer 130 is engaged with a bottom fixture 142. 
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Fixtures 142 and 150 are connected to a mechanical movement 
device 151. Movement device 151 may include any conventional 
device for moving elements relative to one another through 
controlled displacements as, for example, mechanical cams 
and/or linkages, electrically operated actuators and fluid 
operated actuators . 

[00401 While the solder in masses 140 is at a temperature 
above the recrystallization temperature above the solder, 
movement device 151 is operated to move top fixture 150 and 
hence reinforcing element 12 7 and sheet 12 0 upwardly in a 
vertical direction indicated by arrow V perpendicular to the 
confronting surfaces of the sheet and wafer, and also in a 
horizontal direction H parallel to such confronting surfaces. 
This action stretches the solder masses both vertically and 
horizontally, thereby forming the solder masses into 
elongated, inclined solder bodies 14 0' as seen in Figs. 9 and 
10. Solder bodies 140' have their axes of elongation 143 

(Fig. 10) oblique to the confronting surfaces 122 and 132 of 
the chip and wafer. Desirably, the axes of elongation of the 
solder bodies lie at an angle of about 60 to about 90 degrees 
to the planes of the confronting surfaces. Moreover, the axes 
of elongation above the solder bodies are substantially 
parallel to one another. In this condition, the contact 
pads 128 and 136 constituting each pair are displaced 
horizontally relative to one another. 

[0 041] During operation of the movement device, a curable 
liquid encapsulant is injected between the confronting 
surfaces of the sheet and wafer from a source 151. The 
pressure of the liquid encapsulant tends to force the sheet 
and wafer away from one another, so that the pressure of the 
encapsulant assists the movement device. The liquid 

encapsulant is cured to form a compliant layer as discussed 
above . 

[0042] After the solder bodies 140' have solidified, and 
desirably after the encapsulant has been cured, the 
reinforcing element is etched selectively so as to remove the 
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reinforcing element except at individual, spaced-apart 
locations overlying the via liners 126. The portions 127' of 
the reinforcing element remaining after such etching form 
terminals projecting from the exterior surface of sheet 120. 
As described in copending, commonly assigned United States 
Patent Applications 08/885,238, filed June 30, 1997, 
08/366,236, filed December 29, 1994; and 08/989,312, filed 
December 12, 1997, the disclosures of which are incorporated 
by reference herein, terminals formed from a solid metallic 
sheet can be provided with a "cooling tower" shape, such that 
each terminal tapers from a relatively broad base to a narrow 
section 127, and then flares outwardly to a broad tip having 
cross-sectional dimensions larger than the base. After curing 
of the compliant layer 156, and either before or after etching 
of the reinforcing element 127, the assembly is severed so as 
to provide individual unit assemblies as discussed above, each 
including one or more chips and the associated solder 
elements, terminals and pads. 

[0043] In a variant of this approach, dielectric sheet 120 is 
entirely omitted. Thus, one of the elements used in the 
process consists of a metallic layer 227 (Fig. 10) which has 
an interior surface 203 with solder-wettable pads 202 
surrounded by a thin layer 204 of a non solder-wettable 
material such as nickel or other metal, a polymer or a 
nonmetallic material such as Si02. The solder masses 240 may 
be provided on the pads 236 of the wafer as discussed above, 
or on the pads 2 02 of the metallic element. Once again, the 
two elements are juxtaposed with one another and the solder is 
brought to a condition in which it contacts both pads, 
whereupon the elements are moved relative to one another to 
form elongated solder columns 240' (Fig. 11) . A compliant 
layer 256 is formed between the confronting interior surfaces 
of the metal layer and the wafer by injecting and curing a 
liquid material as discussed above. After curing of the 
compliant layer, metal layer 227 is etched to form terminals 
227' projecting from the compliant layer. The resulting 
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Structure has terminals 227' disposed at the distal ends of 
the elongated solder columns 240', i.e., at the ends of the 
columns remote from the wafer or second element. Non-wettable 
layer 204 may be removed in the regions between terminals 227' 
by a further etching process, leaving an assembly as shown in 
Fig. 11. Once again, the individual chips constituting the 
wafer may be severed from one another, to form unit assemblies 
or packaged chips each including one or more chips and the 
associated terminals . 

[0044] The process depicted in Figs. 13 and 14 is similar to 
the process shown in Figs. 7-10. However, the dielectric 
sheet 320 has metallic elements 327 which are disposed only on 
the interior surface 322 of the sheet. Each of these elements 
327 defines a pad 328 facing inwardly (downwardly as seen in 
Fig 13), as well as a terminal 326 facing outwardly (upwardly 
as seen in Fig. 13) . Although terminals 326 are recessed 
relative to the outer surface 324 of the sheet, the terminals 
are exposed at such surface through vias 323 extending through 
the sheet. 

[0045] The solder masses 340 are adapted to form columnar 
precipitates 341. In the condition shown in Fig. 13, the 
solder masses are at a temperature between the solidus and 
liquidus temperatures of the solder. The precipitates 341 are 
present as solid bodies in a surrounding liquid phase. For 
example, using a copper-bearing lead-tin solder, a sold 
copper-rich phase precipitates. When the elements are moved 
relative to one another to stretch the solder masses into 
elongated columns 340 ' , the columnar precipitates 341 are 
oriented preferentially along the axes of elongation 343 of 
the columns. Without preferential orientation, with the 
precipitates in random arrangement, the average angle between 
the axes of elongation of the precipitates and the axis of 
elongation of the solder mass containing the precipitates 
would be 45°. With preferential orientation, this average 
angle is somewhat less than 45°. The oriented precipitates 
act as fiber reinforcements in the elongated columns. 
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[0046] Numerous variations and combinations of the features 
discussed above can be employed. For example, the dielectric 
packaging element can include one or more layers of traces 
extending along its surfaces or within the element, so that 
the packaging element can interconnect terminals and/or pads 
with one another. Thus, the packaging element can serve to 
interconnect different portions of the same chip or, where two 
or more chips or other microelectronic elements are mounted to 
the same packaging element, the packaging element can 
interconnect these elements with one another. The dielectric 
element may be rigid rather than flexible. Likewise, the 
dielectric layer formed from the encapsulant may be rigid 
rather than compliant. To enhance registration of the sheet 
and wafer, the reinforcing element used to reinforce the 
dielectric element may have a coefficient of thermal expansion 
selected to match the coefficient of thermal expansion of the 
wafer. For example, molybdenum or ceramic may be used as the 
reinforcing element. Such a CTE-matched reinforcing element 
may be provided as a frame, similar to that discussed above 
with reference to Figs. 1-4, or as a plate overlying the top 
surface of the sheet as shown in Figs. 7-9 and bonded to the 
top surface of the sheet, for example by an adhesive layer. 
After assembly, the plate is removed from the top surface, as 
by degrading the adhesive layer. 

[0 047] In the embodiments illustrated above, one of the 
elements is a unitary wafer including plural chips. However, 
other elements, such as assemblages of plural separate chips 
or other microelectronic elements, can be used in place of a 
wafer. Also, the process can be practiced using an individual 
chip or other device as one of the elements. 

[0048] The entire soldering operation may be performed without 
flux, in a vacuum and/or inert atmosphere. Also, the solder 
masses can be provided on either element. Thus, the solder 
masses can initially wet the pads of the dielectric packaging 
element. When the sheet is juxtaposed with the wafer, the 
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solder masses are engaged with the wafer and reflowed again 
into contact with the pads of the wafer. 

[0049] As these and other variations and combinations of the 
features discussed above can be utilized without departing 
from the present invention as defined by the claims, the 
foregoing description of the preferred embodiments should be 
taken by way of illustration rather than by way of limitation 
of the invention as defined by the claims. 
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